Follow-up data were available for 22 patients (85%). A significant improvement in the pain (p < 0.0001) and function (p < 0.0001) scales of the WOMAC and the SF-36 physical score (p < 0.0001) was seen. The mean sports activity score improved from 1.9 to 4.4, with a very high mean satisfaction rating of 89.7/100. A significant improvement in both global and disease-specific health outcomes can be expected after this operation, with a high rate of satisfaction and improvement in sporting activities.
The Bernese periacetabular osteotomy, originally described in 1988, 1 gives good results in patients with symptomatic hip dysplasia. [1] [2] [3] Follow-up data are available for patients more than ten years after operation with sustained improvement reported in radiological cover of the femoral head and the Merle d'Aubigné and Harris hip scores. 4 This procedure has been used successfully in patients with mild degenerative osteoarthritis secondary to hip dysplasia, but it offers greater benefit to younger patients with pain and dysfunction as a result of developmental dysplasia in the absence of arthritis. 5 It is accepted that patients with degenerative arthritis secondary to hip dysplasia are well served by total hip replacement but this does not offer satisfactory longterm benefits to young patients with dysplasia. This group is more active and has greater involvement in sports than older patients. There have been no previous studies on the quality of life or sport-specific outcome in younger patients who have undergone periacetabular osteotomy. We have therefore studied these in a consecutive group of patients undergoing this procedure.
Patients and Methods
Between 1997 and 1998, 26 consecutive patients with a primary diagnosis of hip dysplasia underwent periacetabular osteotomy as described by Ganz et al, 1 and performed by one surgeon. Only patients with a diagnosis of developmental dysplasia and follow-up for at least 24 months were evaluated. All had pain as the primary indication for surgery. One with dysplasia secondary to Charcot-Marie-Tooth disease was excluded. The remaining 25 were available for review. No patient had secondary degenerative arthritis of the hip. There were 24 women and one man with a mean age of 32 years (15 to 50). All patients were evaluated prospectively using two quality-of-life functional outcome measures, the Western Ontario and Macmaster Universities Osteoarthritis Index (WOMAC) and the Medical Outcomes Survey ShortForm 36 Health Survey (SF-36).
The WOMAC measures the three domains of pain, stiffness, and physical function and is typically used to assess outcome for patients with osteoarthritis of the hip or knee. 6, 7 It can be scored using either a visual analogue scale or a Likert Scale, which was used in our study. The pain score ranges from 5 to 25, the stiffness score from 2 to 10, and the physical function from 17 to 85, with a lower score indicating less severity. The pain and function scales were considered to be primary outcome measures. It was thought that measuring the WOMAC in our patients would allow a meaningful comparison with outcomes after hip arthroplasty. This scale is commonly used to assess outcome after arthroplasty for arthritis which is an accepted surgical option in the management of patients with pain and dysplasia of the hip.
The SF-36 questionnaire is a general health assessment tool validated for measuring the global functional outcome after a variety of surgical procedures. [7] [8] [9] [10] It consists of eight subscales, and two summary component scales, the physical and mental. 8 The physical was considered to be a primary outcome measure and the mental a secondary measure in our study. Each questionnaire was self-administered by the patient before and at six, 12 and 24 months after operation. For those with a follow-up of more than two years, the questionnaires were completed again annually. Comparison was made between the preoperative score and that at follow-up after two years or the most recent score if follow-up had been for more than two years.
As a secondary outcome measure, a sports-activity questionnaire, as described by Tegner and Lysholm, 11 was sent by mail to each patient at a minimum of two years after operation. This ten-point score was intended to assess the sports-specific functional outcome. Although this scoring system was originally developed for patients with knee injuries, it is commonly used to assess the ability to return to sporting activity. Each patient was asked to report a score at two years after operation, and that before operation retrospectively. The two values were compared. The final secondary outcome measure was a retrospective assessment of satisfaction with the operation. A recent, validated scoring system which was developed to assess satisfaction after hip or knee arthroplasty was also used. 12 This system, known as the Hip and Knee Arthroplasty Satisfaction Scale (HKASS), consists of four questions evaluating relief from pain, improvement in the ability to work, improvement in recreational ability and overall satisfaction (Table I ). The scale ranges from 0 (very dissatisfied) to 3 points (very satisfied), and scores are multiplied by a factor of 8.33 to give a total between 0 and 100. The authors of this system have suggested that it could be used to evaluate satisfaction after surgery other than hip or knee arthroplasty, such as osteotomy of the hip. 12 For statistical analysis we used the Wilcoxon signed-rank test for non-parametric variables comparing pre-and postoperative values at a minimum of two years for the primary outcome measures. To account for multiple measurements, the value of alpha was set at 0.017, since three primary outcome variables were assessed (SF-36 physical, WOMAC pain, WOMAC function).
Results
Two of the 25 patients were excluded; one did not complete the questionnaires and the other withdrew from the study and was considered to be a failure. Of the remaining 23 patients, two were lost to follow-up. Thus, the results for 21 patients were available for analysis.
With regard to the primary outcome measures, the difference between the mean pre-and postoperative values of the SF-36 and WOMAC scores are shown in Figure 1 .
With regard to the secondary outcome measures, Table II shows the individual Tegner and Lysholm scores and the pre-and postoperative activity levels for the 19 patients who reported undertaking sporting activities. The mean score for these patients improved from 1.9 before operation to 4.4 at follow-up. This increase corresponds to an improvement from light work only with no sports activities to a recreational athlete with some sports being undertaken at a competitive level.
The overall satisfaction, according to the HKASS, was high with a mean of 89.7 (75 to 100), and 12 patients rated their satisfaction as 100 out of a possible 100.
The reason for the failure in one patient was unclear. Her postoperative radiographs showed excellent correction. There is no evidence of osteoarthritis on plain radiographs or MRI. Despite the radiological appearance she is unhappy with the result and no questionnaire data are available since she did not wish to participate in the study.
Discussion
The management of hip dysplasia in the young adult presents a number of challenges. Options for treatment include augmentation procedures for the acetabulum, acetabular reorientation osteotomies, femoral osteotomies and total hip arthroplasty.
Patients with hip dysplasia often present with pain and dysfunction at a young age before there is evidence of osteoarthritis. 13 Many place high functional demands on their hips, and enjoy sports which they wish to continue. Most surgeons do not recommend vigorous activities, such as jogging, after joint replacement, since there is a possible twofold increase in the requirement for revision when compared with less active patients. 14 The mid-and long-term results of hip replacement in younger patients are inferior to those in those who are older with revision rates of between 5% and 30% at or before ten years. [15] [16] [17] [18] [19] In our view, the Bernese periacetabular osteotomy has the advantages of better long-term durability and easy conversion to arthroplasty if required. The patients are more likely to be able to participate in sports than those who have undergone total joint replacement. Periacetabular osteotomy should be viewed as complementary to hip arthroplasty since it is indicated early in the process of the disease.
Total hip arthroplasty provides a significant improvement in both global health-related quality of life and diseasespecific outcome measures. [20] [21] [22] [23] The primary aim of our study was to evaluate these outcomes following periacetabular osteotomy using validated, reliable and accurate measures. We were principally interested in the improvement in the pain and function domains of the diseasespecific WOMAC and the physical component summary score of the global outcome measure (SF-36). In our experience the osteotomy often results in a decreased range of movement of the hip, and we did not therefore expect a significant improvement in the stiffness component of the WOMAC, although a small amount was seen. A statistically and clinically significant improvement was seen in all three primary outcome measures when comparing the preoperative and two-year postoperative values. The QUALITY OF LIFE AND SPORTS-SPECIFIC OUTCOMES AFTER BERNESE PERIACETABULAR OSTEOTOMY VOL. 84-B, NO. 3, APRIL 2002 Fig. 1 The mean SF-36 (physical and mental) and WOMAC (pain, function and stiffness) outcomes showed improvement after Bernese periacetabular osteotomy for hip dysplasia in 21 patients.
number of patients who present with hip dysplasia and minimal or no osteoarthritis is small and hence this series is smaller than most dealing with arthroplasty of the hip. Nevertheless, the improvement in pain and function in the WOMAC and SF-36 outcome scores was so significant that larger numbers are not required. The SF-36 physical scores improved from a preoperative mean of 33 to a mean of 49 at follow-up which is close to the normal value for the general population in the USA as reported by the Medical Outcomes Survey. 8 For patients in the 'healthy' group with no chronic conditions and for all patients between 25 and 34 years of age ('young' group) the mean physical scores were reported to be 55.26 and 53.44, respectively. 8 The change in physical scores in our patients thus reflects an improvement which brings this group close to the 'normal' mean values for a young 'healthy' person. With respect to the sports-specific outcome, the Tegner and Lysholm score was felt to be the best scoring system available for the objective measurement of sporting activity. Traditional hip outcome scores (such as the WOMAC) were not designed to assess sports-specific aspects, but this measure is clearly relevant in the younger, more active population. The Tegner and Lysholm score has not, to our knowledge, been tested for validity or reliability in patients undergoing hip surgery. This secondary outcome measure was assessed retrospectively, and was therefore open to all the biases inherent in this mode of data collection. Not all patients were able to report accurate pre-and postoperative sports-activity scores retrospectively, but a sufficient number reported activity scores, and described their pre-and postoperative function, to allow comparison to be made (Table II) . The mean value increased from 1.9 to 4.4, which reflects an improvement from walking and light labour only to recreational sports such as jogging, cycling, and crosscountry ski-ing and moderately heavy labour. 11 Although participation in low-impact sports such as golf or tennis is common after hip replacement, increased rates of loosening preclude high impact sports such as jogging, or heavy labour. 14, 24 We could find no reports of Tegner and Lysholm sports activity scores for patients who had had hip arthroplasty to allow comparison to be made. Nevertheless, in our opinion the objective improvement in sports activity seen in this group is superior to that which would be expected in a similar population after total hip replacement. Clearly, the problem of loosening of an implant in a young patient participating in vigorous sports does not arise. The data presented here are short-term and no conclusions can be drawn as to whether this improvement in the level of activity is maintained. The final secondary outcome measure was the HKASS. This unpublished tool has been developed to evaluate patient satisfaction retrospectively after arthroplasty of the hip or knee. Satisfaction after an operation is an important component in the assessment of outcome and this factor is not addressed in either the SF-36 or the WOMAC. The authors of this instrument report that although it has been validated only for hip and knee arthroplasty, it may also be applicable to other procedures. 13 The mean satisfaction score total was 89.7 out of a possible 100, with 12 respondents (57%) reporting a score of 100. More patients in this group reported that they were very satisfied in all four categories of the HKASS than in those investigated by the authors of the study on patients with hip and knee arthroplasty. 13 Patients are at least as satisfied, if not more satisfied, with the outcome after Bernese periacetabular osteotomy as after hip or knee replacement.
We have shown that following periacetabular osteotomy patients have a highly significant improvement in physical function and pain as assessed by the SF-36 global and WOMAC disease-specific health-related quality-of-life measures. Participation in sports activities improves after this procedure, and satisfaction is very high.
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